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SPECIFICATION 
DATA CONVERTER, COMPUTER, AND PRINTING APPARATUS 

Industrial Field 

The present invention relates to a technique that converts image 
data input from, for example, a computer, into a specific data form printable 
by a printer by referring to a preset conversion table and outputs the 
converted image data. 

Background Art 

In a color printer that is capable of printing color images, all colors 
are expressed by appropriately mixing a set of three primary colors, that is, 
cyan (C), magenta (M), and yellow (Y) (subtractive color mixture). In a 
computer, a digital camera, or another apparatus that supplies a color 
original to the printer, all colors are expressed by appropriately mixing 
another set of three primary colors, that is, red (R), green (G), and blue (B) 
(additive color mixture). Printing a color image accordingly requires 
conversion of the color expression using R, G, and P> into the color 
expression using C, M, and Y. A general-purpose computer or a special 
data converter is used for such color conversion. The resolution of the color 
original supplied to the printer is not always coincident with the resolution 
of the printer. The general-purpose computer or the data converter is also 
used to regulate the resolution of the color original to be coincident with the 
resolution of the printer. 

A diversity of methods based on the Neugebauer theory have been 
known as the techniques of converting the color expression by additive 
mixture of R, G, and B into the color expression by subtractive mixture of C, 
M, and Y. Computation based on the Neugebauer theory at every time of 
color conversion undesirably lowers the speed of conversion. The 
technique adopted in the color conversion with the computer or the data 
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converter carries out theoretical computation with regard to various values, 
summarizes the results of the theoretical computation in the form of a 
conversion table, and refers to the conversion table to enable the quick color 
conversion. 

The color conversion with reference to the same conversion table 
may cause a subtle variation in color expressed on printing sheet, due to a 
variation in ground color of the printing sheet and a difference in 
compatibility of the printing sheet with inks. For example, an image 
printed on yellowish printing paper has a little yellowish tint. The 
resulting expressed color may also have a variation according to the degree 
of ink blot. In order to enable the accurate expression of colors in the 
original and thereby attain the high-quality printing, a number of 
conversion tables should be provided corresponding to different types of 
printing paper. An appropriate conversion table is then selected among 
the number of conversion tables for the color conversion process. 

Each conversion table, however, requires a large storage capacity. 
Storing all the potentially available conversion tables in the data converter 
undesirably makes the data converter bulky and increases the 
manufacturing cost thereof. Storing only a limited number of conversion 
tables in the data converter, on the other hand, may prevent the color 
conversion from being performed according to an appropriate conversion 
table. This may result in inaccurate reproduction of colors in the original 
and thereby lower the picture quality of the resulting printed image. 

The object of the present invention is thus to solve the above 
problems found in the prior art and to enable appropriate conversion of 
image data. 

Disclosur e of the Invention 

At least part of the above and the other related objects is attained by 
a first data converter of the present invention. 
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The first data converter of the present invention converts color 
image data input from a computer into a specific data form expressible with 
ink provided in a printing apparatus by referring to a preset conversion 
table and outputs the converted image data. The first data converter 
includes: a storage unit that stores the conversion table in a rewritable 
manner, wherein the conversion table is supplied from the computer 
corresponding to a current printing condition of image in the printing 
apparatus; an input unit that receives the color image data output from the 
computer; a conversion unit that refers to the conversion table stored in the 
storage unit and converts the color image data received by the input unit 
into the specific data form; and an output unit that outputs the converted 
image data. The first data converter is constructed as a separate body 
from the computer. 

In the first data converter of this configuration, the color image data 
input from the computer are converted into the specific data form, which is 
expressible using inks provided in the printing apparatus, by referring to 
the preset conversion table. The conversion table, which is supplied from 
the computer according to the printing condition of image, is stored in a 
rewritable manner. The conversion of the data form is carried out by 
referring to the conversion table stored in the above manner. This 
arrangement enables a conversion table corresponding to the printing 
condition of image to be used without storing a large number of conversion 
tables in the data converter. The data converter, which is separate from 
the computer, thus implements the required conversion adequately. 

In accordance with one preferable application of the present 
invention, the first data converter receives the conversion table in a 
compressed state from the computer and decode the compressed conversion 
table to be expanded in the storage unit. The compression of the 
conversion table reduces the amount of data and thus favorably shortens 
the time required for the transfer of the conversion table from the computer. 
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In accordance with another preferable application of the present 
invention, the first data converter interpolates the conversion table 
supplied from the computer to a predetermined accuracy and expands the 
interpolated conversion table in the storage unit. The arrangement of 
carrying out the interpolation after the input of the conversion table is 
preferable to the arrangement of inputting the interpolated conversion table, 
since the former arrangement has the shorter time required for the transfer 
of the conversion table. The data converter interpolates the input 
conversion table to a predetermined accuracy. Another advantage of this 
arrangement is no requirement of adjusting the accuracies of the respective 
conversion tables stored in the computer. 

The conversion table and the accuracy of the conversion table in the 
specification hereof are described more in detail. The conversion table is a 
set of mapping combinations of numerical values representing the mapping 
of the argument to the variable. Each value of an argument may be one- 
to-one mapped to the value of a variable. In many cases, however, a 
plurality of arguments determine the value of a variable. In this case, the 
group of plural arguments is one-to-one mapped to the variable. For 
example, in the case where the values of two arguments X and Y determine 
the value of one variable Z, the group including the two arguments (X,Y) is 
one-to-one mapped to the variable Z. The conversion table in this case 
includes plural combinations of the group of arguments with the variable. 
One conversion table generally includes plural combinations of the mapping 
numerical values. The conversion table in the specification hereof may, 
however, include only one combination of the mapping numerical values. 

The accuracy of the conversion table is specified by the graduation of 
the combinations of mapping numerical values, which are included in the 
conversion table, with regard to a certain argument. A variety of methods 
may be applied to express the graduation of the combinations of mapping 
numerical values. For example, when combinations of mapping numerical 
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values are present at equal intervals with regard to an argument of interest, 
the interval between the adjoining combinations of mapping numerical 
values may represent the accuracy. In another example, in the case where 
an argument of interest is in a fixed range, the total number of 
combinations of mapping numerical values may represent the accuracy. In 
the specification hereof, any method may be applied to express the 
graduation of the combinations of mapping numerical values. 

In accordance with still another preferable application of the 
present invention, the first data converter receives a current printing 
condition of image in addition to the color image data. Only when the 
input printing condition is not coincident with a printing condition 
corresponding to the conversion table stored in the data converter, the data 
converter receives another conversion table corresponding to the input 
printing condition from the computer. When the input printing condition 
is coincident with the printing condition corresponding to the stored 
conversion table, it is thought that the conversion table currently input 
from the computer is identical with the stored conversion table. It is thus 
not required to currently receive the conversion table from the computer. 
Only in the case where the two printing conditions are different from each 
other, the new conversion table is input from the computer. This 
arrangement favorably prevents the same conversion table from being 
unnecessarily input a plurality of times into the data converter. 

In accordance with another preferable application of the present 
invention, the first data converter stores a plurality of conversion tables, 
which are selected by the computer at least based on combinations of a 
printing resolution of the printing apparatus and a type of printing paper 
and supplied from the computer. The data converter then receives an 
image attribute, which determines whether or not the image of interest to 
be printed is a natural image, in addition to the color image data from the 
computer. The image attribute in the specification hereof represents a 
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characteristic of the image of interest specified by whether the image is a 
natural image. The first data converter may carry out the conversion of 
color image data while changing over a working conversion table to be 
referred to in a unit of pixel based on the image attribute. In the case 
where the image of interest to be printed is a combination of several images, 
this arrangement advantageously ensures the appropriate data conversion 
by referring to the conversion table suitable for each image. 

At least part of the above and the other related objects is further 
attained by a computer that supplies color image data to a data converter, 
where the data converter converts the color image data into a specific data 
form expressible with ink provided in a printing apparatus by referring to a 
preset conversion table and outputting the converted image data. The 
computer includes: an image data output unit that outputs the color image 
data to the data converter; a conversion table storage unit that stores a 
diversity of the conversion tables mapped to a diversity of printing 
conditions of image; a conversion table selection unit that selects a working 
conversion table corresponding to a current printing condition of image in 
the printing apparatus, among the diversity of conversion tables stored in 
the conversion table storage unit; and a conversion table output unit that 
outputs the selected conversion table to the data converter, prior to the 
conversion of the color image data. The computer is constructed as a 
separate body from the data converter. 

The computer of the present invention supplies color image data to a 
data converter, which is provided separately from the computer. The data 
converter refers to the preset conversion table and thereby converts the 
input image data into the specific data form expressible with ink provided 
in the printing apparatus. The computer selects a working conversion 
table corresponding to the current printing condition of image, among the 
diversity of conversion tables stored corresponding to the diversity of 
printing conditions of image, and supplies the selected conversion table to 
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the data converter. The data converter carries out the conversion of the 
input color image data by referring to the working conversion table supplied 
from the computer. This arrangement causes the computer to supply the 
working conversion table corresponding to the current printing condition of 
image, and thus enables the data converter to adequately carry out the 
required data conversion without storing a large number of conversion 
tables in the data converter. 

In accordance with one preferable application of the present 
invention, the computer stores the diversity of conversion tables mapped to 
the diversity of printing conditions of image in a compressive manner. The 
selected conversion table, which has been stored in the compressive manner, 
is decoded and then output to the data converter. This arrangement 
desirably reduces the required storage capacity of the computer for storing 
the diversity of conversion tables. The computer decodes the compressed 
conversion table, so that the data converter is not required to have the 
decoding function. This arrangement thus desirably reduces the size and 
the manufacturing cost of the data converter. 

In accordance with another preferable application of the present 
invention, the computer interpolates each of the stored conversion tables to 
a predetermined accuracy, before outputting the working conversion table to 
the data converter. The conversion tables before the interpolation require 
a less storage capacity than the conversion tables after the interpolation. 
The arrangement of storing the diversity of conversion tables in the state 
before the interpolation thus desirably reduces the required storage 
capacity for the conversion tables. The working conversion table is output 
to the data converter after being interpolated to a predetermined accuracy. 
Another advantage of this arrangement is that there is no necessity of 
storing the diversity of conversion tables with a fixed accuracy in the 
computer. The computer carries out the interpolation of the conversion 
table. The data converter is thus not required to have the interpolation 



7 



function. This arrangement thus desirably reduces the size and the 
manufacturing cost of the data converter. 

In accordance with still another preferable application of the 
present invention, the computer selects the working conversion table, at 
least based on a combination of a printing resolution of the printing 
apparatus and a type of printing paper as the printing conditions of image. 
In some cases, the conversion table to be referred to should be changed 
according to the printing resolution of the printing apparatus and the 
printing paper. Selection of the working conversion table based on such 
conditions means selection of the working conversion table corresponding to 
the current printing condition of image. The reason for changing the 
conversion table according to the printing resolution of the printing 
apparatus and the printing paper will be discussed later. 

The computer of the present invention may have another preferable 
application. The computer of this application stores a printing condition 
corresponding to the latest conversion table supplied to the data converter. 
In the course of the conversion of color image data, the computer compares 
the stored printing condition with the current printing condition of image, 
in order to carry out identification. In the case where the two printing 
conditions are not coincident with each other, the computer supplies the 
selected conversion table to the data converter and updates the stored 
printing condition corresponding to the selected conversion table. This 
arrangement causes the selected conversion table to be output only when it 
is required to rewrite the conversion table stored in the data converter. 
This favorably saves the time required for output of the conversion table. 

The computer of the present invention may have still another 
preferable application. The computer of this application stores the 
diversity of conversion tables mapped to respective combinations of 
conditions, which include at least a printing resolution of the printing 
apparatus, a type of printing paper, and the image attribute. In the course 
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of the conversion of color image data, the computer selects a plurality of 
conversion tables having different image attributes, at least based on 
combinations of the printing resolution of the printing apparatus and the 
type of printing paper, and outputs the plurality of selected conversion 
tables to the data converter. The computer subsequently identifies an 
image attribute of an image of interest to be printed, and supplies the 
identified image attribute, in addition to the color image data, to the data 
converter. The computer gives an instruction based on the identified 
image attribute, so as to change over a working conversion table, which is to 
be referred to for the data conversion, in a unit of pixel. In the case where 
the image of interest to be printed is a combination of several images, this 
arrangement advantageously ensures the appropriate data conversion by 
referring to the conversion table suitable for each image. 

At least part of the above and the other related objects is also 
attained by a second data converter that converts color image data input 
from an imaging device, such as a digital camera or a color scanner, into a 
specific data form expressible with ink provided in a printing apparatus by 
referring to a preset conversion table and outputs the converted image data. 
The second data converter includes: a conversion table storage unit that 
stores a diversity of the conversion tables mapped to a diversity of printing 
conditions of image; a conversion table selection unit that selects a working 
conversion table corresponding to a current printing condition of image, 
among the diversity of conversion tables stored in the conversion table 
selection unit; an input unit that receives the color image data; a conversion 
unit that converts the color image data received by the input unit by 
referring to the working conversion table selected by the conversion table 
selection unit; and an output unit that outputs the converted image data. 
The second data converter is constructed as a separate body from the 
imaging device. 

The second data converter of the present invention converts the 
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color image data input from an imaging device, such as a digital camera or a 
scanner, into the specific data form expressible with ink provided in the 
printing apparatus by referring to the preset conversion table. The data 
converter selects a working conversion table corresponding to a current 
printing condition of image among the diversity of conversion tables stored 
therein and converts the data form of the color image data supplied from the 
imaging device by referring to the selected conversion table. This 
arrangement desirably enables the color image data to be output from the 
imaging device to the data converter not via a computer but directly. The 
data converter then carries out the conversion of the input color image data 
into the specific data form expressible with ink provided in the printing 
apparatus. 

In accordance with one preferable application of the present 
invention, the conversion table is supplied from the imaging device to the 
second data converter. The second data converter of this arrangement 
receives the required conversion table as well as the image data from the 
imaging device at the time of conversion of the data form. 

It is preferable that the second data converter of this arrangement 
communicates with a computer, which is constructed as a separate body 
from the data converter, to receive a conversion table transferred from the 
computer, and rewrites the contents of storage in the data converter based 
on the transferred conversion table. This arrangement causes the required 
conversion table to be transferred from the computer and accordingly 
enables the color image data to be appropriately converted without storing 
all the available conversion tables in the data converter. 

In accordance with another preferable application of the present 
invention, a standard conversion table is stored in advance in the second 
data converter. When the conversion table corresponding to the current 
printing condition of image is not present in the conversion table storage 
unit, the data converter of this application refers to the standard conversion 



10 



table to carry out the conversion of the color image data. The 
appropriately selected conversion table is stored as the standard conversion 
table. Even if the corresponding conversion table is not present in the 
conversion table storage unit, this arrangement desirably ensures the 
resulting printed image of favorable picture quality. 

At least part of the above and the other related objects is further 
attained by a printing system, which includes: a data converter in 
accordance with either one of claims 1 and 12; and a printing apparatus 
that receives image data having a specific data form converted by the data 
converter and prints an image corresponding to the input image data. The 
data converter is constructed integrally with the printing apparatus. 

The printing system of the present invention receives the image 
data converted into the specific data form from the data converter in 
accordance with either one of claims 1 and 12, which is constructed 
integrally with the printing apparatus, and prints an image corresponding 
to the input image data. This arrangement favorably reduces the total size 
of the printing apparatus and the data converter. 

At least part of the above and the other related objects is also 
attained by a method of converting color image data output from a computer 
into a specific data form expressible with ink provided in a printing 
apparatus by referring to a preset conversion table, and outputting the 
converted image data. The method includes the steps of: selecting a 
conversion table corresponding to a current printing condition of image 
among a diversity of conversion tables stored in advance in the computer; 
storing the selected conversion table in a rewritable manner in a data 
converter, which is provided separately from the computer; and referring to 
the stored conversion table, so as to convert the image data supplied from 
the computer. 

This method of data conversion converts the color image data output 
from the computer into the specific data form expressible with ink provided 
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in the printing apparatus by referring to the preset conversion table, and 
outputs the converted color image data. The preset conversion table 
referred to for the data conversion is supplied from the computer and stored 
in a rewritable manner in the data converter. Namely the method carries 
out the data conversion by referring to the appropriate conversion table, 
which corresponds to the current printing condition and is supplied from 
the computer. This arrangement enables the required data conversion to 
be appropriately performed without requiring a large number of conversion 
tables to be stored in the data converter. 

The present invention is further directed to another data converter 
that converts color image data input from a computer into a specific data 
form expressible with ink provided in a printing apparatus by referring to a 
preset conversion table and outputs the converted image data. The 
another data converter includes: a storage unit that stores the conversion 
table in a rewritable manner, wherein the conversion table is supplied from 
the computer corresponding to a current printing condition of image; an 
input unit that receives the color image data; a conversion unit that refers 
to the conversion table stored in the storage unit and converts the color 
image data received by the input unit; and an output unit that outputs the 
converted image data. The data converter is attached to the computer. 

Brief Description of the Drawings 

Fig. 1 illustrates the structure of a printing system including a data 
converter in one embodiment according to the present invention; 

Fig. 2 schematically illustrates the structure of a printer used in the 
embodiment; 

Fig. 3 shows the principle of dot creation by the printer used in the 
embodiment; 

Fig. 4 is a flowchart showing the outline of a data conversion process 
executed in the embodiment; 
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Fig. 5 conceptually shows an example of an under color removable 
process; 

Fig. 6 conceptually shows an example of a halftoning process; 

Fig. 7 conceptually shows an example of a conversion table used in 
the embodiment; 

Fig. 8 conceptually shows the Neugebauer theory; 

Fig. 9 shows examples of observed spectral characteristics of inks 
used for color printing; 

Fig. 10 is a flowchart showing a processing routine executed in the 
embodiment; 

Fig. 11 is a mapping table stored in the computer of the 
embodiment; 

Fig. 12 is a flowchart showing a conversion table output routine 
executed in the embodiment; 

Fig. 13 is a flowchart showing another processing routine executed 
in the embodiment; 

Fig. 14 is a flowchart showing still another processing routine 
executed in the embodiment; 

Fig. 15 is a flowchart showing another processing routine executed 
in the embodiment; 

Fig. 16 is a flowchart showing a processing routine that carries out 
data conversion by changing over a working conversion table according to 
the image attribute; 

Fig. 17 is a block diagram showing a supply of image data from 
imaging devices, such as a digital camera, in the embodiment; 

Fig. 18 is a flowchart showing a processing routine that carries out 
data conversion using a standard conversion table; and 

Fig. 19 illustrates other possible applications of the embodiment. 
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Best Mod ps of Carrying Out the Invention 
1. Structure of Apparatus 

One mode of carrying out the present invention is described below 
as a preferred embodiment. Fig. 1 illustrates the structure of a printing 
system including a data converter 10 in the embodiment of the present 
invention. The illustrated printing system includes the data converter 10 
connected to a computer 80 and a printer 20. The computer 80 reads and 
executes predetermined programs to function, in combination with the data 
converter 10 and the printer 20, as the printing system as a whole. The 
computer 80 outputs color image data ORG to the data converter 10. The 
data converter 10 converts the input color image data ORG into a specific 
data form printable by the printer 20 and outputs converted color image 
data FNL to the printer 20. The printer 20 creates dots on printing paper, 
based on the converted color image data FNL input from the data converter 
10, so as to print a color image. The series of the processing enables a 
resulting color image corresponding to the color image data output from the 
computer to be recorded on the printing paper. 

The computer 80 includes a CPU 81 that executes a variety of 
operations, a ROM 82, a RAM 83, a hard disk 84, and an interface 85. 
These elements are mutually connected via a bus (not shown), so as to allow 
mutual transmission of data. A diversity of programs and data required 
for the execution of the various operations by the CPU 81 are stored in 
advance in the ROM 82. A diversity of programs and data required for the 
execution of the various operations by the CPU 81 are registered 
temporarily in the RAM 83. The hard disk 84 is used to store a diversity of 
programs and data that can not been stored in the ROM 82 or the RAM 83, 
because of the limited storage capacities thereof. The interface 85 causes 
the computer 80 to transmit data to and from external equipment. 

A color scanner 24 connected externally to the computer 80 reads a 
color original and converts the scanned color original into image data 
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recognizable by the computer 80. Connection of the computer 80 with a 
public telephone network PNT via a modem 91 enables the computer 80 to 
receive any required data from a server SV that is present on an outside 
network. 

A supply of electric power to the computer 80 activates the operating 
system stored in the ROM 82 and the hard disk 84 and runs a variety of 
application programs under the control of the operating system. Color 
originals to be printed are prepared using the application programs and 
output to the data converter 10 via the interface 85. Color images input 
from the outside via the color scanner 24 or the modem 91 are also 
processed to color originals using the application programs. 

The data converter 10 includes a CPU 11 that executes a variety of 
operations, a ROM 12 in which a diversity of programs and data required 
for the various operations are stored in advance, a RAM a 13, in which data 
input from the computer 80 are registered, a RAM bl4, in which results of 
the various operations are temporarily registered, an interface 15 that 
receives data input from the outside, and an interface 16 that outputs data 
to the outside. These elements are mutually connected via a bus 17, so as 
to allow mutual transmission of data. A supply of electric power to the 
data converter 10 activates the programs stored in the ROM 12 to make the 
data converter 10 ready for the data input from the computer 80. 

In the process of data conversion, the computer 80 outputs first a 
variety of required data for the data conversion to the data converter 10 and 
subsequently the color image data ORG. The data converter 10 causes the 
variety of required data for the data conversion to be registered in the RAM 
al3 and converts the subsequently input color image data ORG into a data 
form printable by the printer 20. The CPU 11 included in the data 
converter 10 carries out the data conversion according to a predetermined 
program. The converted data are temporarily registered in the RAM bl4 
and output via the interface 16 as the color image data FNL of a specific 
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data form printable by the printer 20. 

The printer 20 is a color printer that is capable of printing color 
images. The printer 20 adopted in this embodiment is an ink jet printer 
that creates dots of four different color inks, that is, cyan ,magenta, yellow, 
and black, to print a color image on printing paper. Other printers, such as 
a laser printer and a thermal transfer printer, may also be used for the 
printer 20. 

Fig. 2 schematically illustrates the structure of the color printer 20 
in this embodiment. The color printer 20 has a mechanism of driving a 
print head 41 mounted on a carriage 40 to implement ink ejection and dot 
creation, a mechanism of moving the carriage 40 forward and backward 
along an axis of a platen 36 by means of a carriage motor 30, a mechanism 
of feeding a sheet of printing paper P by means of a sheet feed motor 35, and 
a control circuit 50. The mechanism of reciprocating the carriage 40 along 
the axis of the platen 36 includes a sliding shaft 33 that slidably holds the 
carriage 40 arranged in parallel with the axis of the platen 36, a pulley 32 
that is linked with the carriage motor 30 via an endless drive belt 31 
spanned therebetween, and a position sensor 34 that detects the position of 
the origin of the carriage 40. The mechanism of feeding the printing paper 
P includes the platen 36, the sheet feed motor 35 that rotates the platen 36, 
a sheet-feed assist roller (not shown), and a gear train (not shown) that 
transmits the rotation of the sheet feed motor 35 to the platen 36 and the 
sheet-feed assist roller. The control circuit 50 transmits signals to and 
from a control panel 51 of the printer 20 and adequately controls the 
operations of the sheet feed motor 35, the carriage motor 30, and the print 
head 41. The sheet of printing paper P fed to the color printer 20 is held 
between the platen 36 and the sheet-feed assist roller and fed by a 
predetermined length according to a rotational angle of the platen 36. Ink 
cartridges 42 and 43 are detachably attached to the carriage 40. Each ink 
kept in the ink cartridge is ejected from the print head 41 to create dots on 



16 



the printing paper according to the method discussed below. 

Fig. 3(a) shows the internal structure of respective ink ejection 
heads. Forty eight nozzles Nz are formed in each of the ink ejection heads 
44 through 47 corresponding to the respective color inks. Each nozzle has 
an ink conduit 48 and a piezoelectric element PE arranged on the ink 
conduit 48. As is known by those skilled in the art, the piezoelectric 
element PE deforms its crystal structure by application of a voltage and 
implements an extremely high-speed conversion of electrical energy into 
mechanical energy. In this embodiment, when a preset voltage is applied 
between electrodes on either end of the piezoelectric elements PE for a 
predetermined time period, the piezoelectric element PE is expanded for the 
predetermined time period to deform one side wall of the ink conduit 48 as 
shown in Fig. 3(b). The volume of the ink conduit 48 is reduced according 
to the expansion of the piezoelectric element PE. A certain quantity of ink 
corresponding to the reduction is ejected as an ink particle Ip from the 
nozzle Nz at a high speed. The ink particle Ip soaks into the printing 
paper P set on the platen 36 and thereby creates a dot on the printing paper 
P. 

The color printer 20 having the hardware configuration discussed 
above drives the carriage motor 30 to move the ink ejection heads 44 
through 47 of the respective color inks relative to the printing paper P in a 
main scanning direction, and drives the sheet feed motor 35 to shift the 
printing paper P in a sub-scanning direction. Under the control of the 
control circuit 50, the print head 41 is driven at adequate timings while the 
main scans and the sub-scans of the carriage 40 are repeated. The color 
printer 20 accordingly prints a color image on the printing paper. 

The color printer 20 adopted in this embodiment uses piezoelectric 
elements PE to eject ink as discussed above. The principle of the present 
invention may, however, be applied to other printers that eject ink according 
to different techniques. For example, the technique of the present 
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invention may be applicable to a printer that ejects ink by means of bubbles 
that are generated in an ink conduit by a supply of electricity to a heater 
disposed in the ink conduit. 

2. Data Conversion Process 

The color printer 20 has the function of printing color images. The 
data form of image data processible by the color printer 20 is, however, not 
coincident with the data form of image data processible by the computer 80 
and other imaging devices, such as a digital camera. Conversion of the 
data form is accordingly required to enable a color image input from, for 
example, the computer 80 to be printed by the color printer 20. Fig. 4 is a 
flowchart showing the outline of a data conversion process. 

The computer 80 processes an image as matrix data, which are like 
a large table including a large number of numerals arranged in columns 
and rows (for example, 1000 columns and 1000 rows). Each box unit in the 
table is referred to as the pixel. The computer 80 interprets the value of 
each pixel (that is, the tone value) as the brightness at the point. A black 
and white image is considered to be a distribution of bright points and dark 
points on a plane. The black and white image is accordingly expressed by 
an adequate distribution of the tone values. In the computer 80, the tone 
value generally takes any value in the range of 0 to 255. The tone value 
equal to 0 represents the darkest state, and the tone value equal to 255 
represents the brightest state. The computer 80 processes a color image as 
a composite of an R image, a G image, and a B image, that is, contrast 
images of red, green, and blue colors. 

In order to cause the image data to be printed by the printer 20, the 
procedure first carries out a resolution conversion process (step S110) as 
discussed below. It is here assumed that image data including pixels of 
1000 in length x 1000 in width are printed in an area of the printing paper 
defined by the dimensions of 10 cm in length by 10 cm in width. In this 
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case, one pixel corresponds to 1 mm on the printing paper. The mapping of 
one pixel to the length on the printing paper naturally depends upon the 
area in which the image is to be printed. Each printer creates an 
intrinsically designed number of dots per unit length. Namely the number 
of dots created per each pixel is varied according to the area in which the 
image is to be printed. The varying number of dots created per each pixel 
is inconvenient to the data processing. It is accordingly desirable to 
regulate the number of dots created per each pixel to a preset value by 
skipping some pixels to reduce the total number of pixels or by carrying out 
interpolation to increase the total number of pixels. This process is 
generally referred to as the resolution conversion process. 

After the resolution conversion process, the procedure starts a color 
conversion process at step S112. As described previously, the computer 
generally expresses color images with a set of three colors, that is, red (R), 
green (G), and blue (B), whereas the printer typically expresses color images 
with another set of three colors, that is, cyan (C), magenta (M), and yellow 
(Y). It is accordingly required to convert the color expression using the 
three colors R, G, and B to the color expression using the another three 
colors C, M, and Y. The color conversion process implements such 
conversion. The color conversion process converts R, G, and B image data, 
each having 256 tones, into C, M, and Y image data, each having 256 tones. 
The details of such color conversion will be discussed later. 

The color conversion process includes an under color removal 
process. The under color removal process extracts a black color (K) 
component from the C, M, and Y image data, so as to generate image data of 
the four colors C, M, Y, and K. The concept of the under color removal is 
shown in Fig. 5. Fig. 5(a) shows tone values of a pixel, which is subject to 
the under color removal. In this example, the pixel has the tone values of 
C, M, and Y equal to Vc, Vm, and Vy, respectively. In theory, mixing equal 
quantities of the three colors C, M, and Y gives K (black color). Namely the 
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state of Fig. 5(a) is replaced by the state of Fig. 5(b) where K of the tone 
value Vy, C of a tone value (Vc-Vy), and M of a tone value (Vm-Vy) are mixed. 
This replaces equal quantities of the three color inks C, M, and Y with the 
equal quantity of one color ink K and thereby decreases the total quantity of 
ink consumption, which is desirable from the viewpoint of the ink duty. 
Another effect is to make the printed image sharper as a whole. In the 
actual state, the replacement is not performed theoretically by taking into 
account the lowered lightness of the whole image. The actual procedure 
replaces K of a tone value Vk, which is smaller than Vy, for the equal 
quantities of the three color C, M, and Y (see Fig. 5(c)). This implements 
the under color removal. 

Referring back to Fig. 4, after the color conversion process, the 
procedure starts a halftoning process at step S114. The color-converted 
image data are matrix data of four colors C, M, Y, and K. Each pixel takes 
a tone value selected out of the 256 tones (see Fig. 6(a)). The printer 
creates dots to print an image on the printing paper, and typically has only 
two levels, that is, dot-on and dot- off. There are variable dot printers and 
other multi-level printers that can print multi-level dots including an 
intermediate state, for example, by varying the size of the dot to be created. 
These printers, however, still have a relatively small number of expressible 
tones. It is thus required to convert the image having 256 tones into an 
image having an extremely small number of tones expressible by the dot 
on-off conditions. Such conversion is called the halftoning process. Fig. 6 
shows an example of the halftoning process. Fig. 6(a) shows the color- 
converted image data prior to the halftoning process, and Fig. 6(b) shows 
the image data after the halftoning process. One of the 256 tone values is 
written in each pixel included in the image that is subject to the halftoning 
process. After the halftoning process, each pixel has one of the two levels, 
that is, the dot ON or the dot OFF. 

The simple binarization process of the image data having 256 tones 
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compares the tone value of each pixel with a predetermined threshold value 
and carries out the binarization based on the results of the comparison. A 
resulting printed image after such binarization process may, however, cause 
a phantom outline, which is actually not present in the original image. In 
order to avoid such troubles, a diversity of methods have been proposed and 
widely used for the halftoning process; for example, the systematic dither 
method and the error diffusion method. 

Referring back again to Fig. 4, after the halftoning process, the 
procedure rearranges the pixels at step S116. The processing of step S116 
rearranges the data converted by the halftoning process to the form 
representing the dot-on and -off conditions in a specific sequence to be 
transferred to the printer 20. As mentioned previously, the printer 20 
drives the print head 41 while repeating the main scans and the sub-scans 
of the carriage 40, so as to create dots on the printing paper P. The pixel 
rearrangement process rearranges the image data representing the dot-on 
and -off conditions in a specific order, according to which the print head 41 
creates dots, by taking into account the movements of the carriage 40. The 
rearranged image data are output as the image data FNL of the data form 
printable by the printer 20. This completes the series of the data 
conversion process. 

3. Color Conversion 

The conversion of the color expression using R, G, and B into the 
color expression using C, M, and Y is carried out by referring to a preset 
conversion table. Fig. 7 conceptually shows a conversion table that is 
referred to in the process of color conversion. As discussed above, the 
computer 80 combines the R, G, and B images together to express a color 
image. Each of the pixels constituting the respective images takes a tone 
value in the range of 10 to 255. A three-dimensional space (RGB color 
space) defined here has three axes representing tone values of R, G, and B. 
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Each color expressed on the computer is mapped to the coordinates of one 
point included in a cube of 255 shown in Fig. 7. The cube is divided into 
small cubes as shown in Fig. 7. The expression of the color defined by the 
coordinates at each vertex of each small cube is changed from the color 
system using R, G, and B to the color system using C, M, and Y. The 
results of the conversion are stored at each vertex. This gives a set of 
mapping pairs of numerical values, each representing the mapping of the 
coordinates in the RGB color space to the tone values of C, M, and Y. The 
color conversion is carried out in the following manner by referring to the 
conversion table thus created. 

The method of computing the tone values of C, M, and Y from the 
coordinates values of each vertex included in the RGB color space will be 
discussed later. The number of the mapping pairs of the coordinates in the 
RGB color space and the tone values of C, M, and Y is the third power of the 
number of divisions on each side of the cube. Each vertex of the cube has 
three coordinates values in the RGB color space and the three tone values of 
C, M, and Y. The conversion table accordingly includes a large number of 
data, and an extremely large storage capacity is required to store the 
conversion table. 

The color expression using R, G, and B is readily converted into the 
color expression using C, M, and Y by referring to the conversion table. 
The following description regards an example, in which a certain color 
expressed by a point A in the RGB color space shown in Fig. 7 is converted 
into the color expression by C, M, and Y. The procedure first selects a 
small cube (dV) including the point A among a number of small cubes 
divided in the process of creating the converting table. There is only one 
small cube including the point A, unless the point A is present on any side of 
the small cube. In the case where the point A is present on any one side of 
the small cube, an arbitrary small cube including the point A should be 
selected. The procedure then refers to the conversion table created in 
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advance and reads the tone values of C, M, and Y with regard to the 
respective vertexes of the selected small cube. The procedure subsequently 
interpolates the tone values of C, M, and Y with regard to the respective 
vertexes, so as to determine the tone values of C, M, and Y with regard to 
the point A, based on the positional relationship between these vertexes and 
the point A in the RGB color space. A diversity of known methods, for 
example, the linear interpolation method, may be applied for this 
interpolation. 

The tone values of C, M, and Y with regard to each vertex of the 
division or small cube is calculated from the coordinate values of the vertex 
in the RGB color space according to the following procedure. The 
Neugebauer theory is applied for this calculation, and a variety of 
techniques based on the Neugebauer theory have been proposed. The 
Neugebauer theory well explains the reason why the conversion table to be 
referred to should be changed by the variation in printing resolution of the 
printing apparatus and the difference in type of printing paper. The 
Neugebauer theory is briefly described below. 

In the case where the three color inks, C, M, and Y, are used for 
printing, there are eight possible states of ink mixing. The eight possible 
states include the unmixed, pure states of the respective inks, C, M, and Y, 
the mixed state of C and M, the mixed state of C and Y, the mixed state of Y 
and M, the mixed state of all the three inks C, M, and Y, and the state of no 
presence of any inks. Fig. 8(a) schematically illustrates these eight 
possible states. The color expressed in a minute area on the printing paper 
is specified by the proportion of these eight possible states and the stimulus 
values allocated to the respective states. 

The stimulus values of a certain color are numerical values 
representing the degrees of reddish tint, greenish tint, and bluish tint given 
by the certain color. There are three stimulus values of R, G, and B 
corresponding to the red, green, and blue colors. The stimulus values are 
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determined by photoelectric tristimulus colorimetry or spectroscopic 
tristimulus colorimetry. Determining one set of the R, G, and B stimulus 
values specifies one color. 

Determination of the R, G, and B stimulus values with regard to a 
minute area on the printing paper accordingly enables specification of the 
color expressed in the minute area. The R stimulus value with regard to 
the minute area is obtained by accumulating the R stimulus values 
allocated to the eight possible states with weights of area fractions. The G 
stimulus value and the B stimulus value are obtained in a similar manner. 
The R, G, and B stimulus values with regard to the minute area are 
calculated from the observed R, G, and B stimulus values with regard to the 
eight possible states and the area fractions of the respective states. 

The Neugebauer theory assumes that the respective color inks C, M, 
and Y stochastically overlap, and calculates R, G, and B stimulus values Rf, 
Gf, and Bf with regard to the minute area according to Equation (1) given 
below, where kc, km, and ky respectively denote the dot percents of the C, M, 
and Y inks. The expression of 'stochastically overlap' here means that 
there is no specific consideration to avoid the overlap of the respective color 
inks. The 'dot percent' here represents an area fraction of each color ink in 
the minute area. The area fractions of the C, M, and Y inks are 
substantially equivalent to the tone values of C, M, and Y. 

Rw, Rc, Rm, and Ry respectively denote the R stimulus value of the 
ground color of printing paper, the R stimulus value by the C ink, the R 
stimulus value by the M ink, and the R stimulus value by the Y ink. Rem 
denotes the R stimulus value in the overlapped area of the C ink and the M 
ink, Rmy denotes the R stimulus value in the overlapped area of the M ink 
and the Y ink, and Rye denotes the R stimulus value in the overlapped area 
of the Y ink and the C ink. Rcmy denotes the R stimulus value in the 
overlapped area of the C, M, and Y color inks. Like the R stimulus values, 
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the G stimulus values and the B stimulus values are defined with regard to 
the ground color of printing paper and the overlap of the respective color 
inks. 

Application of the Neugebauer theory enables conversion of the color 
expression using R, G, and B into the color expression using C, M, and Y. 
The conversion is implemented by calculating Equation (1) given above to 
find a set of C, M, and Y tone values mapped to the R, G, and B tone values 
of a desired color. Such calculation, however, requires an undesirably long 
time. It is thus practically impossible to carry out such calculation and 
color conversion with regard to each pixel in the process of printing a color 
image. The technique of the present invention accordingly stores the 
conversion table discussed previously and refers to the conversion table for 
quick color conversion. 

The Neugebauer theory well explains the reason why the conversion 
table to be referred to should be changed by the variation in ink blot due to 
the difference in type of printing paper and the variation in printing 
resolution of the printing apparatus. Fig. 8(b) shows the eight possible 
states of ink mixing with regard to another type of printing paper that has a 
greater degree of ink blot than that of the type of printing paper adopted in 
Fig. 8(a). The comparison between these two diagrams shows that the 
proportion of the eight possible states of ink mixing is significantly varied 
by the degree of ink blot of the printing paper. In general, the stimulus 
value in an overlapped area of plural inks is different from the sum of the 
stimulus values of the corresponding inks in the unmixed, pure state. The 
variation in mixing state of inks varies the resulting color expression. In 
some cases, the conversion table used for the color conversion should thus 
be changed according to the variation in ink blot due to the difference in 
type of printing paper. 

The Neugebauer theory also explains the reason why the conversion 
table should be changed by the variation in printing resolution of the 
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printing apparatus. The higher printing resolution increases the number 
of ink dots created per minute area. Since the size of the dot is fixed, 
however, the higher printing resolution results in increasing the fractions of 
the overlapped areas of plural inks and thereby causes the state of Fig. 8(b). 
In some cases, the conversion table should thus be changed by the variation 
in printing resolution. 

In some cases, the conversion table should further be changed by the 
type of inks used for printing. Fig. 9 is graphs showing the observed 
wavelengths of reflected rays when ink is irradiated with white light. Fig. 
9(a) shows the case of ideal inks, and Fig. 9(b) shows the case of actual inks. 
It is generally assumed that the respective inks C, M, and Y have the ideal 
characteristics as shown in Fig. 9(a). The conversion table used in the 
actual state should, however, be specified by taking into account the 
characteristics of the actual inks. Fig. 9(b) shows the results of the 
measurement with regard to two different sets of inks C, M, and Y. 
Between the two sets of inks, while the characteristics of the yellow ink (Y) 
are practically the same, the characteristics of the cyan ink (C) and the 
magenta ink (M) are significantly different. In the event that a plurality of 
different sets of inks are available, the conversion table according to the 
characteristics of inks should be referred to for color conversion. 

4. Transmission of Conversion Table in this Embodiment 

The following describes transmission of the conversion table carried 
out in this embodiment. In the structure of the embodiment, the computer 
80 supplies the conversion table to the data converter 10, and the data 
converter 10 refers to the conversion table to carry out conversion of image 
data. Fig. 10 is a flowchart showing a printing operation using the 
conversion table carried out by the computer and the data converter. The 
left column shows the flow of the processing by the computer, and the right 
column shows the flow of the processing by the data converter. 
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When the program starts a printing operation, the computer 80 first 
sets printing conditions (step S200). The concrete procedure of step S200 
gives pieces of information regarding the printing resolution of the printer 
20 actually used for printing and the type of printing paper to the computer 
80. In this embodiment, the operator specifies these conditions on the 
screen of the computer 80. In accordance with one possible modification, 
the operator specifies the printing conditions on a setting panel 18 provided 
in the printer 20. In accordance with another possible modification, the 
computer 80 takes in the required pieces of information through 
communications with the printer 20. 

The computer 80 subsequently selects an appropriate conversion 
table used for color conversion, based on the preset printing information 
(step S2 10). A number of conversion tables mapped to the various printing 
conditions are stored in the hard disk 84, which is incorporated in the 
computer 80. As described previously, the conversion table occupies a large 
storage capacity. The conversion tables are accordingly stored in the mass 
storage hard disk 84. A suitable conversion table is read from the hard 
disk 84 according to the requirements, stored in the RAM a 13 and used for 
the color conversion. The computer 80 stores a mapping table as shown in 
Fig. 11, in addition to the conversion tables. The mapping table registers 
the pieces of information regarding the printing resolution, the type of 
printing paper, the image attribute as well as the accuracy of the conversion 
table and the state of compression with regard to each conversion table. 
The computer 80 refers to this mapping table and selects one suitable 
conversion table corresponding to the printing conditions. 

The selected conversion table is transferred from the computer 80 to 
the data converter 10 (step S220). In the event that the selected 
conversion table has been compressed or has an accuracy different from a 
predetermined accuracy, the computer 80 may carry out the decoding of the 
conversion table or the adjustment of the accuracy of the conversion table 



27 



before transferring the selected conversion table to the data converter 10. 
The compression of the conversion table or the lowered accuracy of the 
conversion table reduces the required storage capacity for the conversion 
table. When the computer 80 carries out the adjustment of the accuracy of 
the conversion table before the output of the conversion table to the data 
converter 10, there is no need of storing the conversion tables having the 
fixed accuracy in the hard disk 84. 

Fig. 12 is a flowchart showing the process of outputting the 
conversion table in the case where the computer 80 carries out the decoding 
of the conversion table and the adjustment of the accuracy of the conversion 
table. The CPU 8 1 in the computer 80 first determines whether or not the 
selected conversion table has been compressed (step S221). The 
determination of step S221 is carried out by referring to the mapping table 
shown in Fig. 11. One modified application writes the state of compression 
in a header section of data and the determination of step S221 may be 
performed by referring to the header section of data. In the case where the 
conversion table has been compressed, the CPU 81 decodes the compressed 
conversion table (step S222) and subsequently determines whether or not 
the accuracy of the conversion table is coincident with a predetermined 
accuracy (step S223). The determination of step S223 is also carried out by 
referring to the mapping table shown in Fig. 11. In the case where the 
conversion table has a lower accuracy, data are interpolated to raise the 
accuracy of the conversion table to the predetermined accuracy (step S224). 
In the case where the conversion table has a higher accuracy, on the other 
hand, data are skipped to lower the accuracy of the conversion table to the 
predetermined accuracy (step S225). The use of the high-performance 
CPU 81 and the mass storage RAM 83 incorporated in the computer 80 
ensures the quick decoding and interpolation or skipping of data. After the 
completion of the series of the processing, the processed conversion table is 
output to the data converter 10 (step S226). 
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Referring back to the flowchart of Fig. 10, when the computer 80 
outputs the conversion table (step S220), the data converter 10 receives and 
stores the conversion table (step S240). The interface 85 of the computer 
80 is connected with the input interface 15 of the data converter 10 via a 
serial or parallel communication cable. The output conversion table is 
supplied to the data converter 10 through the communication cable. 

In the case where the computer 80 carries out the processing 
including the decoding and interpolation of the conversion table as shown in 
Fig. 12, the data converter 10 stores the transferred conversion table into 
the RAM al3 without any further processing. Alternatively the data 
converter 10 may carry out the processing including the decoding and 
interpolation. In the latter case, the conversion table transferred from the 
computer 80 is in the compressed state and has a smaller quantity of data, 
thereby shortening the time period required for the transfer of the 
conversion table. In this case, the series of the processing shown in the 
flowchart of Fig. 12 is carried out by the data converter 10. 

After the data converter 10 has completed the input and storage of 
the conversion table, the computer 80 outputs image data of interest to be 
printed (step S230). The image data are also supplied to the data 
converter 10 via the interface 85 of the computer 80, the communication 
cable, and the input interface 15 of the data converter 10 and temporarily 
registered in the RAM a 13. The data converter 10 refers to the conversion 
table previously transferred, converts the image data registered in the RAM 
al3, and stores the results of the conversion into the RAM bl4 (step S250). 
The series of the data conversion process (step S250) has already been 
described with the flowchart of Fig. 4. 

After the completion of the data conversion process, the data 
converter 10 outputs the data stored in the RAM bl4 to the color printer 20 
via the output interface 16 (step S260). The color printer 20 creates dots of 
C, M, Y, and K inks on the printing paper according to the input data, 
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thereby giving a resulting printed color image corresponding to the color 
original. 

In the embodiment discussed above, the conversion table 
corresponding to an image of interest to be printed is transferred from the 
computer 80 to the data converter 10, and the data converter 10 uses the 
input conversion table to carry out conversion of image data. The data 
converter 10 is accordingly required to store at least one conversion table. 
This arrangement desirably saves the storage capacity of the RAM 
incorporated in the data converter 10, thereby reducing the size and the 
manufacturing cost of the data converter 10. The data converter 10 
receives the conversion table corresponding to the preset printing 
conditions supplied from the computer 80, and refers to the conversion table 
for color conversion. This arrangement attains the high-quality color 
printing. 

In accordance with one modified application, the computer 80 stores 
the printing conditions corresponding to the conversion table output to the 
data converter in the previous cycle of the processing and outputs the new 
conversion table to the data converter 10 only when the current printing 
conditions of image are different from the stored printing conditions. Fig. 
13 is a flowchart showing the processing in this application. The difference 
from the processing of the embodiment shown in the flowchart of Fig. 10 is 
that the procedure of the modified arrangement sets the current printing 
condition (step S200) and subsequently compares the current printing 
conditions with the previous printing conditions stored in the previous cycle 
for identification (step S270). In the case where the current printing 
conditions are coincident with the previous printing conditions, the 
conversion table that has been referred to in the previous cycle of data 
conversion can be used again. The conversion table has already been 
stored in the RAM al3 of the data converter 10. The computer 80 
accordingly does not carry out the processing including the selection and 
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output of the conversion table but starts the output of image data (step 
S230). In the case where the current printing conditions are not coincident 
with the previous printing conditions, on the other hand, the conversion 
table stored in the RAM a 13 of the data converter 10 is not applicable for 
the current printing conditions. The computer 80 thus newly selects an 
appropriate conversion table (step S210), outputs the selected conversion 
table to the data converter 10, and stores the current printing conditions 
into the RAM 83 of the computer 80 (step S280). The data converter 10 
stores the newly transferred conversion table into the RAM al3 (step S240) 
and refers to this conversion table to carry out conversion of the image data 
output from the computer 80 (step S260). This arrangement desirably 
prevents the conversion table from being wastefully output from the 
computer 80 when there is no requirement of rewriting the conversion table 
in the data converter 10. 

A diversity of other techniques may be applied to the arrangement of 
identifying the printing conditions and transferring the conversion table to 
the data converter 10 only on the required occasions. Fig. 14 is a flowchart 
showing one of such available techniques. In this method, the data 
converter 10 stores the printing conditions in the previous cycle of the 
processing and transmits the previous printing conditions to the computer 
80 (step S360). The computer 80 compares the previous printing 
conditions transmitted from the data converter 10 with the current printing 
conditions for identification (step S320). In the case of the non-coincidence, 
the computer 80 selects the conversion table (step S330) and outputs the 
selected conversion table (step S340). In the case where the printing 
conditions transmitted from the data converter 10 are coincident with the 
current printing conditions, on the other hand, it is thought that the 
appropriate conversion table suitable for the current printing conditions 
have already been stored in the RAM al3 of the data converter 10. The 
computer 80 accordingly does not carry out the selection or output of the 



31 



conversion table but starts the output of image data to the data converter 10 
(step S350). This arrangement desirably causes the conversion table to be 
transmitted from the computer 80 only when it is required to change the 
conversion table stored in the data converter 10. In the technique of this 
modified application, the printing conditions are stored in the data 
converter 10. The computer 80 receives the stored printing conditions and 
determines the requirement of the transmission of a new conversion table. 
When the data converter 10 connected to the computer 80 is replaced by 
another data converter after the printing operation of a certain image, this 
arrangement ensures the correct determination of the requirement of the 
transmission of a new conversion table in the process of printing a next 
image. 

The technique shown in Fig. 15 may also be applied to determine the 
requirement of the output of the conversion table. After setting the 
current printing conditions (step S500), the computer 80 transmits the 
current printing conditions to the data converter 10 (step S510). The data 
converter 10 compares the transmitted printing conditions with the 
previously stored printing conditions for identification (step S570). In the 
case where these conditions are not coincident with each other, the data 
converter 10 requires the computer 80 to output a new conversion table 
(step S580). In the case where these conditions are coincident with each 
other, the data converter 10 can perform the data conversion by referring to 
the conversion table stored in the RAM a 13 of the data converter 10. The 
data converter 10 accordingly does not perform the processing including the 
requirement of the output of the new conversion table but starts the data 
conversion process. In response to the requirement of the output of the 
new conversion table from the data converter 10 (step S520), the computer 
80 selects an appropriate conversion table corresponding to the current 
printing conditions (step S530) and outputs the selected conversion table to 
the data converter 10 (step S540). When there is no requirement of the 
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output of the new conversion table, on the other hand, the computer 80 does 
not carry out the processing including the selection and output of the 
conversion table but immediately starts the output of image data (step 
S550). This arrangement also causes the conversion table to be 
transmitted only when it is required to change the conversion table stored 
in the data converter 10. 

When the computer 80 is capable of analyzing an image of interest 
to be printed and specifies the image attribute, the conversion table is 
selectively used according to the image attribute as discussed below. Fig. 
16 is a flowchart showing a printing operation executed by the computer 
and the data converter in this application. A diversity of conversion tables 
mapped to the respective combinations of the printing resolution of the 
printing apparatus, the type of printing paper, and the image attribute of 
the image to be printed are stored in advance in the hard disk 84 of the 
computer 80. After setting the printing conditions of image (step S700), 
the computer 80 selects a plurality of conversion tables having different 
image attributes according to the printing resolution and the type of 
printing paper among the diversity of the stored conversion tables (step 
S710) and outputs all the selected conversion tables to the data converter 10 
(step S720). The data converter 10 receives the selected conversion tables 
and stores them into the RAM al3 (step S740). The computer 
subsequently analyzes image data of interest to be printed, specifies the 
image attribute with regard to each pixel, and outputs the specified image 
attributes in addition to the image data to the data converter 10 (step S730). 
The data converter 10 changes over the working conversion table to be 
referred to in the unit of pixel, which is selected among the plurality of 
conversion tables stored in the RAM a 13, based on the specified image 
attribute (step S750). This arrangement preferably enables the data 
conversion to be carried out by referring to the appropriate conversion table 
according to the image attribute. 
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There is a tendency that the respective image attributes do not 
appear at random in one image but an identical image attribute appears in 
somewhat continuous manner. One preferable procedure does not select 
the working conversion table for data conversion according to the image 
attribute with regard to each pixel but detects the variation in image 
attribute. In response to the variation in image attribute, the working 
conversion table to be referred to is selected. This arrangement desirably 
attains the quicker data conversion. 

In the embodiment and its modified applications discussed above, 
the image data are transmitted from the computer 80 to the data converter 
10. The device of supplying image data is, however, not restricted to the 
computer. For example, image data may be supplied from any of various 
imaging devices, such as a digital camera 22, a color scanner 24, a film 
scanner 28, and a video printer 26 shown in Fig. 17, to the data converter 10. 
The data converter 10 then converts the image data into a specific data form 
printable by the printer 20. In this application, a plurality of conversion 
tables are stored in the RAM al3 or the ROM 12 of the data converter 10. 
The CPU 11 in the data converter 10 selects an appropriate conversion table 
corresponding to the printing conditions. The printing conditions may be 
supplied from the imaging device to the data converter 10 prior to the 
supply of image data. In accordance with another preferable application, 
the operator previously sets the printing conditions on the setting panel 18, 
and the CPU 11 selects the appropriate conversion table corresponding to 
the preset printing conditions. The CPU 11 refers to the selected 
conversion table, converts the supplied image data into the printable data 
form, and outputs the converted image data to the printer 20. This 
arrangement preferable enables an image shot by the imaging device, for 
example, the digital camera 22, to be printed by the printer 20 without 
using the computer 80. 

In the case where the data converter 10 does not store the 
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appropriate conversion table, the computer 80, in place of the imaging 
device, may be connected to the data converter 10 and overwrite the 
contents of storage in the RAM al3 of the data converter 10 with one or a 
plurality of conversion tables selected among the conversion tables stored in 
the hard disk 84 of the computer 80. The operation of selecting the 
conversion tables among those stored in the hard disk 84 and writing the 
selected conversion tables into the RAM al3 of the data converter 10 is 
readily implemented by the function of the operating system running on the 
computer 80. This arrangement enables the conversion tables to be read 
from the computer 80 according to the requirements, and thus desirably 
saves the storage capacity of the data converter 10. 

Another preferable procedure stores a standard conversion table in 
the data converter 10 and, in the case where the appropriate conversion 
table is not present in either RAM a 13 or the ROM 12, refers to the 
standard conversion table for the data conversion. Fig. 18 is a flowchart 
showing an operation of the data converter in the case of converting image 
data input from, for example, the digital camera 22. The operator first 
specifies the printing conditions on the setting panel 18 of the data 
converter 10 (step S800). The CPU 11 determines whether or not the 
conversion table corresponding to the specified printing conditions is stored 
in either the RAM al3 or the ROM 12 (step S810). When the 
corresponding conversion table is present, the CPU 11 selects the 
corresponding conversion table (step S820). When the corresponding 
conversion table is not present, on the other hand, the CPU 11 selects the 
standard conversion table stored in the ROM 12 (step S830). The CPU 11 
refers to the selected conversion table, so as to convert the data form of the 
image data supplied from the imaging device (step S840) and outputs the 
converted image data to the printer 20 (step S850). The use of the 
appropriately selected standard conversion table ensures the fairly 
satisfactory image printing even when the corresponding conversion table is 
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not present. In the example of Fig. 18, the data converter 10 receives the 
image data from the imaging device. The technique is, however, not 
restricted to this arrangement, but may be applicable to the arrangement of 
receiving the image data from the computer 80. 

The present invention is not restricted to the above embodiment or 
its modifications, but there may be many other modifications, changes, and 
alterations without departing from the scope or spirit of the main 
characteristics of the present invention. In the above embodiment and its 
modified examples, the data converter 10 is constructed as a visually 
separate body from the computer 80 and the printer 20. It is, however, not 
necessary that the data converter 10 is a visually separate body. For 
example, the respective functions of the data converter 10 may be 
incorporated in an extension board or an extension card, which is inserted 
in an extension slot of the computer 80 or the printer (see Fig. 19). In 
these examples, the data converter 10 is visually integrated with the 
computer or the printer. 

Industrial Applicability 

As described above, the technique adopted in the data converter, the 
computer, and the printing apparatus of the present invention enables an 
appropriate conversion table corresponding to the printing conditions of a 
color image to be read from the computer and used for data conversion. 
This arrangement enables adequate data conversion and attains high- 
quality color image printing, regardless of the printing conditions of the 
color image. 
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CLAIMS 



1. A data converter that converts color image data input from a 
computer into a specific data form expressible with ink provided in a 
printing apparatus by referring to a preset conversion table and outputs the 
converted image data, 

said data converter comprising: 

a storage unit that stores the conversion table in a rewritable 
manner, the conversion table being supplied from said computer 
corresponding to a current printing condition of image in said printing 
apparatus; 

an input unit that receives the color image data output from said 
computer; 

a conversion unit that refers to the conversion table stored in said 
storage unit and converts the color image data received by said input unit 
into the specific data form; and 

an output unit that outputs the converted image data, 
said data converter being constructed as a separate body from said 
computer. 

2. A data converter in accordance with claim 1, said data converter 
further comprising: 

a decoder unit that receives the conversion table compressed in 
advance by and supplied from said computer and decodes the compressed 
conversion table to be expanded in said storage unit. 

3. A data converter in accordance with claim 1, said data converter 
further comprising: 

an interpolation unit that interpolates the conversion table supplied 
from said computer to a predetermined accuracy and expands the 
interpolated conversion table in said storage unit. 

4. A data converter in accordance with claim 1, wherein said input 
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unit receives a current printing condition of image in said printing 
apparatus, in addition to the color image data, and comprises a unit that, 
when the input printing condition received by said input unit is not 
coincident with a printing condition corresponding to the conversion table 
stored in said storage unit, receives another conversion table corresponding 
to the input printing condition from said computer. 

5. A data converter in accordance with claim 1, wherein said input 
unit receives an image attribute, which represents whether or not a 
currently processed image is a natural image, from said computer, in 
addition to the color image data, 

said storage unit stores a plurality of conversion tables having 
different image attributes, the plurality of conversion tables being selected 
by said computer at least based on combinations of a printing resolution of 
said printing apparatus and a type of printing paper and supplied from said 
computer, and 

said conversion unit changes over a working conversion table to be 
referred to for the conversion of the color image data in a unit of pixel and 
carries out the conversion of the color image data, the working conversion 
table being selected among the plurality of conversion tables stored in said 
storage unit based on the image attribute received by said input unit. 

6. A computer that supplies color image data to a data converter, 
said data converter converting the color image data into a specific data form 
expressible with ink provided in a printing apparatus by referring to a 
preset conversion table, and outputting the converted image data, said 
computer comprising: 

an image data output unit that outputs the color image data to said 
data converter; 

a conversion table storage unit that stores a diversity of the 
conversion tables mapped to a diversity of printing conditions of image; 

a conversion table selection unit that selects a working conversion 
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table corresponding to a current printing condition of image in said printing 
apparatus, among the diversity of conversion tables stored in said 
conversion table storage unit; and 

a conversion table output unit that outputs the selected conversion 
table to said data converter, prior to the conversion of the color image data, 

wherein said computer is constructed as a separate body from said 
data converter. 

7. A computer in accordance with claim 6, wherein said conversion 
table storage unit stores the diversity of conversion tables in a compressive 
manner, and 

said conversion table output unit decodes the compressed conversion 
table selected by said conversion table selection unit and outputs the 
decoded conversion table to said data converter. 

8. A computer in accordance with claim 6, said computer further 
comprising: 

a conversion table interpolation unit that interpolates the working 
conversion table selected by said conversion table selection unit to a 
predetermined accuracy, 

wherein said conversion table output unit outputs the conversion 
table interpolated by said conversion table interpolation unit. 

9. A computer in accordance with claim 6, wherein said conversion 
table selection unit selects the working conversion table, at least based on a 
combination of a printing resolution of said printing apparatus and a type of 
printing paper. 

10. A computer in accordance with claim 6, said computer further 
comprising: 

a condition storage unit that stores a printing condition 
corresponding to the latest conversion table output to said data converter; 
and 

an identification unit that compares the current printing condition 
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of image in said printing apparatus with the printing condition stored in 
said condition storage unit, in order to carry out identification, 

wherein said conversion table output unit outputs the selected 
conversion table and updates the printing condition stored in said condition 
storage unit, when said identification unit determines that the two printing 
conditions are not coincident with each other. 

11. A computer in accordance with claim 6, said computer further 
comprising: 

an image attribute generation unit that generates an image 
attribute, which represents whether or not a currently processed image to 
be printed is a natural image, 

wherein said conversion table storage unit stores the diversity of 
conversion tables mapped to respective combinations of conditions, which 
include at least a printing resolution of said printing apparatus, a type of 
printing paper, and the image attribute, 

said conversion table selection unit selects a plurality of conversion 
tables having different image attributes, at least based on combinations of 
the printing resolution of said printing apparatus and the type of printing 
paper, 

said conversion table output unit outputs the plurality of selected 
conversion tables, and 

said image data output unit outputs the image attribute in addition 
to the color image data, and comprises a unit that changes over a working 
conversion table, which is referred to by said data converter for the data 
conversion, in a unit of pixel based on the image attribute. 

12. A data converter that converts color image data input from an 
imaging device, such as a digital camera or a color scanner, into a specific 
data form expressible with ink provided in a printing apparatus by 
referring to a preset conversion table and outputs the converted image data, 

said data converter comprising: 
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a conversion table storage unit that stores a diversity of the 
conversion tables mapped to a diversity of printing conditions of image; 

a conversion table selection unit that selects a working conversion 
table corresponding to a current printing condition of image, among the 
diversity of conversion tables stored in said conversion table selection unit; 

an input unit that receives the color image data; 

a conversion unit that converts the color image data received by said 
input unit by referring to the working conversion table selected by said 
conversion table selection unit; and 

an output unit that outputs the converted image data, 

wherein said data converter is constructed as a separate body from 
said imaging device. 

13. A data converter in accordance with claim 12, wherein said 
conversion table storage unit is a rewritable storage unit, and comprises 

a rewrite unit that rewrites the contents of storage in said 
conversion table storage unit, based on a conversion table transferred from 
said imaging device. 

14. A data converter in accordance with claim 13, said data 
converter further comprising: 

a rewrite unit that communicates with a computer, which is 
constructed as a separate body from said data converter, to receive a 
conversion table transferred from said computer, and rewrites the contents 
of storage in said conversion table storage unit based on the transferred 
conversion table. 

15. A data converter in accordance with claim 12, said data 
converter further comprising: 

a standard storage unit that stores a standard conversion table in 
advance, 

wherein said conversion unit refers to the standard conversion table 
stored in said standard storage unit and converts the color image data when 
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the conversion table corresponding to the current printing condition of 
image is not present in the diversity of the conversion tables stored in said 
conversion table storage unit. 

16. A printing system comprising: 

a data converter in accordance with either one of claims 1 and 12; 

and 

a printing apparatus that receives image data having a specific data 
form converted by said data converter and prints an image corresponding to 
the input image data, 

wherein said data converter is constructed integrally with said 
printing apparatus. 

17. A method of converting color image data output from a computer 
into a specific data form expressible with ink provided in a printing 
apparatus by referring to a preset conversion table, and outputting the 
converted image data, said method comprising the steps of: 

selecting a conversion table corresponding to a current printing 
condition of image among a diversity of conversion tables stored in advance 
in said computer; 

storing the selected conversion table in a rewritable manner in a 
data converter, which is provided separately from said computer; and 

referring to the stored conversion table, so as to convert the image 
data supplied from said computer. 
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ABSTRACT OF THE DISCLOSURE 

A plurality of conversion tables are stored in a computer. Color 
image data are converted into a specific data form expressible with inks 
provided in a printing apparatus in the following manner. The procedure 
first selects a conversion table corresponding to a current printing condition 
of image among the plurality of conversion tables stored in the computer 
and stores the selected conversion table into a memory of a data converter. 
The procedure then supplies color image data of interest to be printed to the 
data converter and refers to the conversion table stored in the memory, so as 
to convert the color image data. The procedure accordingly enables the 
conversion table corresponding to the current printing condition to be read 
from the computer for the use. This arrangement does not require a large 
number of conversion tables to be stored in the data converter, but enables 
conversion of the image data by referring to an appropriate conversion table, 
thereby attaining high picture- quality image printing, regardless of the 
printing condition. 
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Japanese Language Declaration 
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Prior Foreign Application(s) 



(Number) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (aMd) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also identified 
below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a 
filing date before that of the application on which priority is 
claimed. 

Priority Not Claimed 
13/October/1998 □ 



(Country) 



{Day/Month/Year Filed) 



(Number) 



(Country) 



(Day/Month/Year Filed) 



□ 



mmmMfeizum s tutmn * z. z. t^ufe l *r. 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) 



(Filing Date) 
(USB) 



(Application No.) 
(tti£g##) 



(Filing Date) 



(Application No.) 



(Filing Date) 

(tttJSB) 



(Application No.) (Rling Date) 

(mug) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application^), or 365 (c) of any 
PCT International application designating the United States, 
listed below and. Insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, Section 112. I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of 
the prior application and the national or PCT International filing 
date of application: 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

mu : WW wfrtr, «jh*. mm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 

SftlK: TlE©5ei93#£bT, ^WIMf^"^— ^Jffl^ POWER OF ATTORNEY: As a named inventor, 1 hereby appoint the 

ffi & & gf mU MiznU T jlfrT Z> #m ± * it fcmS AtL following attomeyCe) and/or agent(s) to prosecute this application 
^T. Tfaro^^ffi^VifcL^-T. (#*±, ^fcttflaAfflft* and transact all business in the Patent and Trademark Office 
^^S^S^^WhS©^ £:) connected therewith, (list name and registration number) 

Norman F. Obion, Reg. No. 24.618; Marvin J. Spivak. Reg. No. 24.913; C. Irvin McClelland, Reg. No. 21 .1 24; G regory J. Maier. Reg. No. 
2jj ! 599j_Arthur I. Neustadt, Reg. No. 24,854; Richard D. Kelly, RegTKlox 27J57; James D. Hamilton. Reg. No. 28.421; E ckhard H. Kuesters, 
Reg."N a 28,870;^ Robert T. Pous, Reg. No. 29,099; C harles L. Gholz, Reg! No. 26,395; William E. Beaumont, Reg. No. 30,99fr Jean-Paul 
Lavalleye, Reg. No. 3 1,451; St ephen G. Baxter, Reg. No. 32J884; Richard L Treanor, Reg. No. 36.379: S teven P. Weihrouch, Reg. No. 
32.829: J ohn T. Goolkasian. Reg. No. 2 6,142j _Richard L ChlnnT Reg. No. 34 ! 305^ Steven E Lipman, Reg. No. 30,01 1; Cari E. Schlier, Reg. 
No. 34,426; James J. Kulbaski. Reg. No. 34.648 : Richard A. Neifeld, Reg. No. 35,239; J. Derek Mason, Reg. No. 35,270; Surinder Sachar. 
RegrNo7 34,423: C hristina M. Gadiano, Reg. No. 37J28jjJeflrey B. Mdntyre, Reg. No. 36 i 86JJfli5Uiarn T. Enos, Reg. No. 3342BLMichael 
E. McCabe. Jr.. Reg. No. 37,182; Bradley □. Lytle, Reg. No. iOJESuind Michael R. Casey, Reg. No. 40 1 2fl4 T -with full powers of 
substitution and revocation. 



Send Correspondence to: 

CjRI ON- S PI VAK. M e G l. f. 1 I AND MAIER & NEUSTADT. P.C. 
FOURTH FL OQ[R_ 
1 755 JEFFERSON DWisl^ HWAY_ 
ARLINGTON, VIRGINIA 2220?TJSA~ 









Direct Telephone Calls to: (name and telephone number) 
(703)413-3000 


mm 




-DO 


Full name of sole or first inventor 
Kiyoaki MURAl 








Inventor's signature-* K-M Ju.Vo/2#»«» Date 

AT t\JA-J-^ tiyoJ<; M«r*l / A* ~ 








Residence 

Nagano-ken _ ,. Japan ~~TJuK 


mm 

B* 






Citizenship 
Japan 


392-8502 B*@^Sr^MIfirtl^«3T 






Post Office Address 

c/o Seiko Epson Corporation 

3-5. Owa 3-chome. Suwa-shi, Nagano-ken 392-8502 Japan 










Full name of second joint inventor, if any 








Second inventor's signature Date 








Residence 


H$I Citizenship 








Post Office Address 




t) 




(Supply similar information and signature for third and subsequent 
joint inventors.) 



